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ABSTRACT
A study was undertaken to develop a high-protein food for under­
developed or developing countries, e.g., India. Since protein quality 
in soybeans is very good, isolated soy protein was mixed with other 
ingredients, e.g., rice, chick peas, and corn (germinated and non­
germinated) in various amounts. Four formulations were made.
Major differences between the four formulations were as follows: 
Formulation I contained germinated corn; Formulation II, 10% non­
germinated corn; Formulation III, 20% non-germinated corn; and Formula­
tion IV, no corn.
Proximate analyses of the four formulations showed the crude protein 
concentrations to be 48.60, 49.79, 59.97, and 56.69%, respectively, for 
formulations I, II, III, and IV.
Organoleptic testing with 20 students from India on the L.S.U. 
campus indicated that formulation IV was better than formulation III but 
it was not statistically significant.
It was found that cobalt-60 irradiation (0.15 Mrad) plus refrigera­
tion (37-42°F) was better than refrigeration alone in retarding growth 
of bacteria and molds in the formulations, but no significant differences 
were noted in acceptability of the formulations up to 56 days of storage 
irrespective of storage conditions. There was a significant reduction 
of organoleptic scores in all formulations at 112 days of storage under 
both refrigerated and irradiated plus refrigerated conditions.
xii
Feeding trials with rats showed that the formulations were comparable 
with a 27% casein protein ration when the criteria of measurements were 
weight gains, feed efficiency ratios, protein efficiency ratios, per cent 
hemoglobin contents, hematocrit values and red blood cell counts. Though 
there were no significant differences between the formulations, the 
criteria of measurements were higher in formulations III and IV than irt 
I and II. Two exceptions were feed efficiency ratios and weight gains 
which were lower in formulation III as compared to formulation II (not 
statistically significant). Though the biological value of the protein 
in formulation IV was lower than that of formulation III, they were not 
significantly different.
The costs for supplying the daily requirements of protein for 
infants (2.5 g/kg body weight) with the formulations were found to be 




India is in the midst of a population explosion of catastrophic 
proportion, the present population being 550 million. But the food pro­
duction is not able to keep pace with the rate of population growth. As 
a result a large majority of the population suffers from undernutrition 
and mal~nutrition, particularly the infants and preschool children. The 
important causes for this state of affairs other than population increase 
are: (1) low national income resulting in low purchasing power; (2)
illiteracy; (3) low per capita availability of cultivated land; (4) low 
productivity of soil and of milk cattle due to use of primitive methods 
in agriculture and animal husbandry; and (5) low level of industriali­
zation. By effective application of recent developments in agriculture, 
animal husbandry, and food science and technology, it would be possible 
to increase the present food production two-fold to meet the needs of 
the population.
Food availability studies show that the nutritional deficiencies 
are in the area of calories from protein and fat, protein deficiency 
being the most critical. Although animal protein is nutritionally 
preferable, this requires more land and other resources. Therefore, 
steps should be taken to produce increased amounts of protein-rich and 
protective vegetable foods, such as pulses and legumes.
Much emphasis has recently been given upon the development of food 
products and supplements which could be grown, harvested, processed, 
and marketed economically. One such food commodity is soybean. Soybean 
protein contains a good balance of amino acids essential to human 
nutrition and, in this regard, tends to be comparable to animal
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protein. It is a particularly good source of lysine in which other 
cereal proteins are somewhat deficient. Although the methionine content 
is perhaps lower than desirable, this can be compensated by mixing soy­
beans with other ingredients, e.g., corn and chick peas. Thus the 
soybean and cereal proteins complement each other nutritionally. More­
over, soybeans are also a valuable source of B-vitamins, choline and 
essential minerals. In view of these merits, the soybean is an excellent 
and economic source of protein for the undernourished infants of India.
In India, soybeans have failed to create large-scale interest as 
a good food or forage crop. The reasons are varied. They range from a 
lack of sustained experimentation on the agronomic and economic suit­
ability of the soybean in the local cropping pattern to the availability 
of proper marketing channels.
However, research work shows great promise for this land where 
food needs are so urgent. Soybeans have been tested at various locations 
for many years. In the central state of Madhya Pradesh, trials on a 
government farm in 1963-64 showed that short duration crops-like soybeans 
grown in the rainy season before the wheat crop make it possible to earn 
more profit per acre than when only wheat is grown. Similar tests at 
the Uttar Pradesh Agricultural University in the foot-hills of the 
Himalayas also suggest that American varieties can be adapted to India.
In some experiments it was evident that soybean yields increased in 
subsequent years as compared to the first year, showing that nitrogen- 
fixing bacterial population may be there in the first year. Bacteria 
culturing for efficient nitrogen fixation may show further increased 
yields in these trials.
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Soybeans possess many characteristics which make them adaptable 
for mixing and processing with other food ingredients.
The purposes of this investigation were to ascertain the feasibility 
of producing low-cost high-protein food supplements by mixing soyprotein 
isolates with other ingredients, e.g., rice, corn, and chick peas, for 
the infants of India and to find an economical method of storage. Iso­
lates are generally superior to mechanically refined flours with respect 
to color, texture, flavor, gelling and viscosity properties as well as 
ease and versatility of use. They are highest in protein - as much as 
97% (on moisture-free basis). Moreover, they are relatively free of 
taste, color and odor. They are about 95% digestible. Because of all 
these qualities, soyprotein isolate was selected as the main ingredient. 
Rice was the main source of starch and had a stabilizing effect on gruel. 
Chick peas and corn were used to improve the overall quality of the 
food supplements.
u
II. REVIEW OF LITERATURE 
Historical Aspects and Cultivation of Soybeans, Rice, Corn, and Chick Peas
Soybeans
Soybeans constituted the chief source of protein of hundreds of 
million of orientals, and, according to Bailey et al. (3), they have 
played a major role in the nutrition of these people for many centuries.
Soybeans are primarily a crop of the subtropics, but grow fairly well 
in tropical, and temperate regions. They prefer a mild climate and moderate 
rainfall. Ten thousand tons of soybeans were produced in India in 1961- 
1962. However, the production has increased in recent years.
Soybeans are native to central Asia and have been under cultivation 
as an important crop in Manchuria, China, and Japan from time immemorial. 
Their cultivation in the United States dates from the 19th century, 
but their extensive cultivation and great popularity are only recent develop' 
ments._ They are now grown as an important grain, forage, oil seed, and 
green manure crop (43). Investigations of many workers in 1911 and 1912 
show that soybeans were cultivated from the borders of Afganistan eastward 
to Burma. Nine distinct varieties were recorded from India. Most of the 
varieties had small seeds (31). About 1,400 varieties have been known to 
exist in Oriental countries. India, through the years, has not improved 
or extended their cultivation. It has been only recently that some stimulus 
has been given to sowing soybeans in different parts of India. Experiments 
have shown that soybeans are a successful crop in India.
RICE
Rice is the most important food crop in most of India as in all 
of Asia. In certain localities it is next in importance only to wheat as 
a grain crop. It is the main staple food grain in Asia and of nearly half 
the people of the world.
Rice is of great antiquity and, therefore, dating the period of its 
origin or introduction in different countries of Asia presents difficulty. 
Translation of a Chinese text shows that the crop was being grown in China 
about 2800 B.C. This is the earliest mention of rice in any writing (17)*
It has been under cultivation in India since ancient times. This is supported 
by archeological evidences and by the many references made to rice in ancient 
Hindu scriptures and literature. It has spread from India to Persia, 
Mesopotamia, Turkestan, Greece and other countries. It was first cultivated 
in Europe towards the close of the 7th century, in America during the 17th 
century.
Rice is primarily a tropical crop, requiring a copious supply of 
water, high humidity and heat. Yet, in subtropical regions, where a mild 
temperature of not less than JO°F and long days of sunlight prevail, as 
in Japan, rice yields are higher than in the tropics due to a more favorable 
climate, the use of proper seed, intensive manuring and suitable rotation.
India is one of the largest rice-growing countries of the world and 
about 97*5 million acres were under cultivation in 1966. Production was 
about U6 million tons of clean rice. It is the most important crop of the 
country covering more than 30% of the total annual cultivated area. It not 
only forms the mainstay of the diet of the majority of people, but also 
bears a large influence on their life and economic condition.
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Rice is grown in almost all the states of India, hut its cultivation 
is concentrated mostly in the river valleys, deltas and low-lying coastal 
areas of Northeastern and Southern India, in the states of Assam, Bengal, 
Bihar, Madhy Pradesh, Orissa, Andhra, Madras, Travancore, Hyderabad,
Mysore, Bombay and Uttar Pradesh, w'hich together contribute about 95$ 
of the country's rice production.
Corn
Corn is a native of Central America and has spread to the other 
countries of the world. It was introduced into India by the early Portugese 
settlers. It is commonly called "American Corn" because of its origin, as 
the staple food of the American Indians.
Corn has a wide distribution all over the world. It occupies an 
area of ih million acres in India, and according to 1966 FAO reports, pro­
duction was about 5 million tons annually.
Chick peas
The chick pea is called "Bengalgram" in South India as it was 
imported originally from Bengal. -It is also called "gram" in North India.
It is considered to be a native of Southwest Asia and is cultivated 
in Asia and parts of Europe, Africa, America and Australia. It is grown 
throughout India, in about 22 million acres, with the cultivation concen­
trated in North India, chiefly in Uttar Pradesh, East Punjab, Madhya 
Pradesh and Bihar. In 1966, production was about H.2- million tons.
It is grown during the cold season and is practically the last crop 
sown during the year. Generally, it is grown in rotation with cereals in
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dry lands. It is a restorative crop like other pulses and leaves the land 
fertile, benefiting the succeeding crop in the rotation.
Nutritive Value and Other Uses of Soybeans, Rice, Com, and Chick Peas
Soybeans
In recent years great interest has been evinced in the cultivation 
and use of soybean, mainly on account of its dietetic, industrial and 
agricultural importance.
Soybeans are very useful in the preparation of bread, biscuits, 
cakes and several other foods. They are especially interesting to 
vegetarians because of their richness in protein, fat, carbohydrates, 
mineral salts, and vitamins. Analysis of soybeans shows that their pro­
tein is of high biological, value and resembles protein in meat, fish and 
eggs. Biochemical analysis and feeding tests on rats shows that soybeans 
contain vitamins A and D plus B-vitamins. They are rich in mineral salts 
of calcium, sodium, manganese and phosphorus (31) , LeClerc and Bailey (33) 
have stated that soybean flour is one of the cheapest foods available to 
man when judged by the amount of protein, minerals, vitamins and energy 
obtainable per unit of cost.
Soyflour is of great importance in diabetic nutrition (31).. Its 
starchy contents being quite negligible and its saccharides low, it is 
most suited to diabetic patients. Its carbohydrates are such as to yield 
energy without being provocative to the appearance of sugar in the urine (31).
It is recognized by the medical profession that phosphates are very 
important for the brain cells and nerves. Soybeans contain an abundance
of phosphates so that it can be beneficial in overall treatments involving 
nervous diseases. Some medical authorities have used them also for the 
cure of rickets, pulmonary diseases, anemia, etc., with great success (31).
Meat, fish, eggs, cereals and pulses produce acidity in blood tis­
sues while soybeans are alkalizing in their effects. Therefore, soybean 
food neutralizes the acidity in blood. It is very important from the 
medical point of view as the normal alkaline state is the state of 
highest health and physiological functioning.
Other than its nutritional value, soybeans are very important be­
cause of their industrial application. They are used in the manufacture 
of shortening, margarine, vegetable ghee, etc. They are also used in
the manufacture of paints, varnishes, linoleum, rubber substitutes, etc.
Soybean oil contains lecithin and vitamin A and resembles butter in
its properties. It is an edible oil and is used by the people of China 
and Japan for cooking purposes.
Every part of the soybean is useful. The forage is made into green 
manure, hay, ensilage and soiling. Milk cattle produce high amounts of 
milk when they are given soybean feed (31). A high growth rate has 
also been observed in hogs when they were fed soybeans (31).
After the oil has been extracted, the resulting residue, called 
cake or meal, is very rich in protein and mineral salts and is very 
valuable as fertilizer for the soil, as a feed for live-stock and as 
flour for human food.
Soybeans improve the soil on which they are grown as other 
leguminous plants. They take nitrogen from the air and transfer it 




From the nutritional point of view, rice is predominantly a starchy 
food and has high energy value. The protein content (usually 5 to 6%) in 
the raw polished grain is lower than that of most other grains. The bio­
logical value of the protein as determined by animal experiments and human 
metabolism studies has shown it to be of high order and distinctly superior 
to that of wheat. Rice and wheat have biological values of 86 and 67, 
respectively. Rice contains a lower percentage of calcium than wheat.
The more common rice varieties contain less than 10 mg % of calcium.
Some varieties do contain more, but the total quantity rarely exceeds 30 
mg %. The phosphorus content is also low and about 75% of it is in the 
form of the relatively unavailable phytin. The peripheral layer of the 
rice grain, called bran, contains minerals, protein and vitamin Bp, which 
are lost to a considerable extent during milling and washing of the grain 
before cooking. Consumption of polished grain causes beri-beri, a 
disease common among the rice eating people, particularly of the low income 
groups, who can not supplement the rice diet with protective foods.
Vitamin Bp is lost by the removal of the bran layer to a greater extent 
during milling than during hand pom ding. Bran and vitamin Bp are kept 
intact in the grain when the paddy is shelled in the wooden grinders. 
Vitamin Bp diffuses into the grain during par-boiling and par-boiled 
milled rice is hence not low in vitamin Bp content as milled raw rice.
Hulls are one of. the by-products of the milling industry. Although the 
caloric value of the hulls is low because of its high ash content, it was 
being used by the millers as a fuel for raising the steam necessary for 
par-boiling. The possibilities of using the hulls for making insulating
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"boards are "being examined. Rice millers make use of the high abrasive 
action of the hulls in the polishing of rice by mixing small quantities of 
the hulls with the shelled rice before it goes to the cone polisher.
Bran is the most important by-product of the rice milling industry.
The composition of the bran depends upon the degree of extraction during 
milling. The higher the degree of polishing of the rice, the greater is 
the per cent of carbohydrate material in the bran. In view of its protein, 
fat, starch and cellulose content, the bran has a good food value for 
milk animals and is being used as such throughout India.
The industrial utilization of rice bran instead of or in addition to 
its use as an animal feed is an important subject for study because of’ 
the very valuable constituents present. Rice bran contains 18 to 20$ of 
edible oil. Alcohol which is abundantly available in India could be 
used as a solvent for extracting the oil according to Ghose et al. (17). 
Another importance of rice bran is its content of the B-complex group 
vitamins.
Broken rice is the third by-product. It has low commercial value 
but from nutritive point of view, it may be as good as whole rice. The 
possibility of reconstituting the broken rice into the original rice­
shaped grain is being studied (17).. in the reconstitution process, the 
mix can be fortified and enriched with vitamins, minerals and other 
deficient nutrients. At the present time, there is no strict specification 
in India regarding the permissible limit for broken rice along with whole 
rice. As a result of this, a substantial part of the broken rice is 
actually sold along with whole rice.
11
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The percentage of protein in corn is of great financial as well as 
nutritional importance, containing 8-9% protein on the average. Certain 
strains have teen developed that contain 20% or even more of crude protein 
with adequate fertilization of soil. Wot only is the quantity of protein 
in corn important tut also its quality. Different varieties of corn have 
significant differences in the qualities of their protein. The entire 
protein in corn is known to te low in quality because it is deficient in 
lysine and trypotophan. However, the germ protein has teen found to te of 
much higher quality (42) whereas zein protein is low in quality. It is 
assumed that as the amount of protein is increased through corn hreedirig, 
the quality of its protein becomes increasingly inferior. But Dobbins 
et al. (11,12) using isocaloric diets in rats and swine found no difference 
in protein quality between high- and low-protein com. A better quality 
protein should be supplied with corn, no matter whether it is of high or low 
protein content,but such a protein supplement should be high in lysine and 
tryptophan. Frey (16) suggested that the best way to improve the 
nutritive value of the protein part of corn would be to increase its lysine 
and tryptophan.content instead of selecting for a higher total protein 
level. By mating selected parent stocks it was found possible to increase 
the tryptophan content of corn by 12.7%. A variety of corn has been 
developed which contains a high percentage of lysine.
Among the minerals, phosphorus and potassium are the most abundant in 
com, but it is generally deficient in sodium, calcium and chlorine.
Yellow corn is the only grain that has a significant amount of vitamin A 
potency (15). The vitamin A potency of corn results primarily from the
12
presence of one of the coloring substances, cryptoxanthine (59), Corn 
contains moderate amounts of thiamine, riboflavin and pantothenic acid 
whereas it is low in niacin.
By-products of corn, such as corn bran, corn grits, corn oil meal, 
and corn germ meal have many uses. C o m  stover is a farm by-product occurring 
in the production of corn which is sometimes used for feeding livestock.
Chick peas
Chick peas are of high nutritive value and are largely used in Indian 
homes. They are of high protein content and are rich.in calcium, phosphorus, 
iron and potassium. They are a good source of thiamine but are somewhat 
poor in vitamin A and riboflavin. Ascorbic acid is completely absent in 
chick peas.
Various Food Products Made from Soybeans, Rice, Corn and Chick Peas
Soybean Products
Soymilk. Soymilk has been known in Mainland China for centuries. It is 
mostly produced in the homes and sometimes on a village (cottage) scale.
Hot soymilk is used as a breakfast beverage in Mainland China, Japan,Taiwan 
(China) and Thailand. These countries have their own methods of preparing 
the soymilk but the general principle is the same. The beans are washed 
thoroughly with water. Then they are soaked in water until the beans are 
bigger and softer. This facilitates the extraction of bean proteins.
Then the beans are crushed and the crushed material is strained through a 
cheese cloth. The strained liquid is then diluted with water and boiled
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and strained again to get the final product.
Soymilk as high protein food has attracted much attention in the last 
decade. The first large scale production of soymilk started in Hong Kong 
in 19̂ 8. The present production is estimated to he ahout 120,000 bottles 
a day, highest for any soft drink sale in Hong Kong. Plants have been 
established in Singapore, Manila and Bangkok. Attempts have been made in 
India for establishing soymilk plants, but no commercial plant has been 
established as yet (7).
Much work has been conducted with soybean milk in recent years. Lo 
et al. (37) observed that soybeans soaked 8 hours before extraction yielded 
higher milk solids than unsoaked beans or bean flour despite a loss of 
1.6% solids in the soak water. However, they noted that an extraction 
temperature between 55 and 65°C gave the highest yields of solids in the 
milk regardless of the pre-treatment. An extraction above 85°C resulted 
in a substantial decrease in the solids of soymilk. The pH of soymilk 
prepared from pre-soaked beans was found to be higher than that of milk 
prepared from soybean flour or non-soaked beans. In another study they 
(36) found that as the soaking time increased, larger quantities of water- 
soluble solids leached into the soak water. They observed a reduction in 
the protein and fat content and an increase in the non-protein nitrogen 
content with the increase in soaking time. However, Hand et_ al. (24) in 
their pilot plant study noted no soaking or soak water losses of solids.
A logarithmic relationship between the apparent viscosity of soymilk 
and the solids content has been reported by Lo et_ al. (35) . They found 
that 0.5% sodium sulfite could reduce the apparent viscosity of concentrated 
soymilk at solids content below 20%. The reverse effect was noted when 
sucrose was added to the soymilk before concentration.
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The nutritional quality of soybean milk has been investigated by 
various workers. Chang and Murray (4) reported that soymilk was 80% as 
efficient as whole milk powder using rat growth and nitrogen retention 
studies. Vitamin content was found to be higher in soybean milk when compared 
to that of the original bean. Nutritive value of soybean milk powder was 
studied by Dutra de Oliveira and Scatena '(14). They observed that when 
soymilk or skim milk powder combined with different amounts of corn starch 
was fed to rats to give a range of dietary protein levels, the nutritive 
value of the vegetable milk compared favorably with that of animal milk 
at the highest level of protein intake. However, growth response was less 
with soymilk at low protein levels.
Various investigators have found that the nutritive value of soymilk 
is affected by processing temperatures. Hackler et_ al (21) assayed the 
nutritive value of soymilk protein in weanling rats. Their results indicated 
that PER of heat-processed soymilk depended upon both time and temperature 
of treatment. When soymilk was heated at 121°C for 2,4 and 32 minutes, 
the PER obtained for soymilk were 1-78, 2.21 and 1.79» respectively. The 
nutritive value was shown to decline after 4 minutes of heating. The rise 
in PER after a two minute heating was a result of the heat inactivation of 
the anti-growth factors in the soybeans; hence the wholesomeness of soymilk 
depended very much upon the optimal heat treatment given to the product. 
Similar conclusions were reached by Hackler and Stillings (20). They 
found no significant change in amino acid composition when soymilk was 
heat-processed for 4 hours at 93°C, but there was a decrease in some of 
the amino acids, particularly cystine, when processing temperature was 
121°C. However, the amino acids destroyed during spray-drying are different 
from those observed when soymilk was heated at 121°C. The inlet temperature
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was found to be critical in spray-drying. Enzymes responsible for off- 
flavor potentiator were completely inactivated and a bland soymilk was 
produced when unsoaked, dehulled soybeans were ground with water at tem­
peratures between 80 and 100°C for 10 minutes.
As nutritional quality of soymilk is affected by temperature of pro­
cessing, there must be some method for assessing unheated soymilk 
nutritionally. Van Buren et_ al. (65) suggested the determination of trypsin 
inhibitor index as a measure for determining the nutritional quality of 
soymilk. A study was undertaken by Lo et_ al. (34) to determine the minimum 
processing time for the sterilization of soymilk containing a resistant 
strain of Clostridium. This technique is widely used in the canning industry 
for determining safe sterilizing times and temperatures. They observed that 
a temperature of 121°C for 3 minutes was adequate to produce sterility in 
soymilk bottled in 6-ounce soft drink bottles. They suggested that since 
a heat treatment of 4 minutes at 121°C is recommended for retaining optimum 
nutritive value of soymilk, sterilization of soymilk for 4-5 minutes at 
121°C would result in sterility as well as retention of the high nutritive 
value.
'Tempeh. This is an Indonesian fermentation product of soybeans which has
received considerable attention over the years. The method of preparation
of tempeh is simple. Dehulled soybean grits are soaked for 2 hours at 25°C
and then cooked with tap water for 30 minutes. It is then drained and
cooled. After cooling it is inoculated with a spore suspension of Rhizopus 
organisms. It is then lightly packed in containers and incubated at 31°C.
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After 20-2H hours, tempeh "becomes ready. It is a popular item of food. The 
product is hardly known in any country other than Malyasia, where a small 
plant has been established. Steinkraus ert al. (61) studied an experimental 
pilot plant process. They observed that 5^-5 kg of fresh or 27 kg of dry 
tempeh could be made by using one man per day for 8 hours. It was suggested 
that the output'could be increased by uqing more men, greater capacity of 
cooking vat, and a larger fermentation tray and dryer.
The effects of losing two Rhizopus organisms, e.g., Rhizopus oligosporus 
and Rhizopus oryzae, for the production of tempeh were studied by various 
workers. Hasseltine (28) found that R. oligosporus was suitable for tempeh 
production. Murata et_ al. (45) observed an increase in the amino acids and 
some of the B-vitamins using the same organism, whereas Hackler et_ al. (22) 
reported no improvement in the PER or growth rate in rats when compared with 
unfermented soybeans. Acceptance of the diets containing tempeh was depressed. 
•Rhizopus oryzae was found to be the best for the preparation of tempeh by 
Steinkraus et_ aL (62).. Using this organism the soluble solids and fiber 
content were found to increase as fermentation progressed. Roelofsen and 
Talens (49) observed a decrease in thiamine content but an increase in
niacin when R. oryzae was used.
Wagenknecht et al. (67) reported a strong lipase activity by R. oryzae 
which hydrolyzed about one-third of the neutral fat. In addition to improved 
nutritional quality, tempeh exhibited antioxidant activity not demonstrated 
by the original soybeans 0-8,19), Stillings and Hackler (63) reported a 
decline in amino acid content with the progress of fermentation. Amino 
acids were also decreased during deep-fat frying of tempeh for 7 minutes.
Similar results were obtained by Smith et al. (55).
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Tofu. Tofu or beau curd is prepared by coagulating soymilk with 
calcium salts. The food is mostly used in China, Thailand, Malayasia, 
Indonesia, Japan, Taiwan, and Korea. Chiu and Van Duyne (5) recommended 
the use of tofu as a good source of calcium in countries where cow's milk 
is unavailable or very expensive. Retention of protein, phosphorus and 
iron has been found to be high in tofu (40). Smith et al. (57) compared 
the production of tofu from U.S. and Japanese varieties of soybeans. 
Although the average yield of tofu from U.S. soybeans was 6% more than 
that obtained from Japanese soybeans, there was no difference in quality.
Miso. Formerly, miso was produced in traditional ways in Japanese 
homes but during the last decade large-scale plants have been established. 
It is prepared by the fermentation of a mixture of steamed soybeans, ground 
with Koji and salt. Koji is prepared by growing strains of Aspergillus 
oryzae on rice (52,53,54,56). a final product, obtained after 6 to 12 
months' fermentation and followed by several weeks' aging, is ground into 
a uniform light-brown to dark-brown paste that has an alcoholic flavor 
and soysauce taste.
Attempts were made to produce "Miso-type products" substituting 
defatted, commercially available soybean flakes for whole soybeans and 
substituting wheat, corn, barley, sorghum, oats, potatoes, sweet potatoes, 
beets, or bananas for rice in koji(8,30). The product compared favorably 
to Japanese miso and resembled it in appearance, flavor, and taste.
Soy sauce. This product is a popular seasoning in all Far Eastern 
countries and is exported in small amounts to Europe and the U.S.A. The 
product is used in small amounts and is of no practical nutritional value.
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Sufu or soybean cheese. Sufu is a fermentation product made 
exclusively from soybeans and produced principally in China and Taiwan 
The process of making sufu begins with whole soybeans which are washed 
soaked overnight at room temperature, and then ground in a suitable 
mill. Soybean milk is extracted and heated in excess water. The milk 
is then precipitated with calcium salts, cooled and pressed to remove 
water from the coagulated"protein. After sterilization, the product 
is inoculated with organisms and fermented, followed by brining and 
aging to obtain the final product. Hasseltine (28) advocated the use 
of Actinomucor elegans as the fermenting organism. Hang and Jackson 
('25,26} obtained good results using Streptococcus thermophilus as the 
starter organism. By adding large amounts of salts and alcohol, Wai 
(68) was able to preserve soybean cheese longer than tofu.
Soyflour and grits. Soyflour and soy grits were first prepared 
commercially in the early 1930’s. They are used to improve shelf-life 
of bread and other bakery products, to improve toasting qualities of 
bread and to replace milk solids and other ingredients thereby reduc­
ing the cost of production (7); According to Hayward and Diser (27) 
soyflour and grits excell corn, wheat and rice by a considerable 
margin in the content of each of the eight essential amino acids.
Disej: (10)and Hafner (23) were of the same opinion.
Soyflour is available in four general forms: full-fat, high-fat, 
low-fat and defatted (71). Full-fat soyflour is produced for making 
food for infants allergic to milk. Mustakas and Mayberry (46) for­
warded a method for full-fat soyflour production from soybeans which 
involved continuous pressure cooking, extrusion, and grinding.
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Dimler (9) proposed a similar method for production of high-fat soyflour. 
Different forms of soyflour are used along with skim milk, corn sugar, 
etc., for beverage production. Sometimes they are mixed with potato 
starch, onion, etc. , to produce soup.
In addition to the above products, soybeans are used for other 
food items in the orient which have limited use, such as Natto and
roasted soyflour in Japan, and Kochu Chang and sprouted soybeans in 
Korea.
Rice Products
The most prevelant use of rice is by cooking in water. However, 
there are a variety of other forms in which it is incorporated for 
consumption.
Puffed rice. The earliest known and the easiest method for pre­
paring rice products is in the form of puffed or popped rice. The 
increase in volume by puffing is considerable, since puffed rice is 
very porous. It becomes very soft in a few minutes when wetted.
Mixed with milk, butter milk, etc., it is a ready-to-serve food and is 
reputed for its ease of digestion. Puffing is a very easy method of 
removing the husk from the paddy, and it may be for this reason that 
it is the oldest known ready-to-serve dish common in India.
Beaten rice. This form of rice is a popular processed rice in 
India. It is a type of fully par-boiled rice which has been made flat 
and thin by pressure to form flakes. If the pressure after gelatinizat.ion 
of the rice is sufficiently intense, very thin and flat flakes can be 
obtained. If further improved by the addition of suitable flavors and 
sweetening agents, rice flakes can possibly become very popular, and
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could seriously compete with corn flakes as a breakfast dish. The 
advantage of flaking is that the loss of vitamins as is evident in 
milled rice does not occur since whole rice is used for the flaking.
Roller devices that could exert a sufficiently intense pressure to 
flatten the rice grains are necessary for this purpose.
Rice crispies. Rice crispies prepared from dry toasting of beaten 
rice is another popular dish from rice. It is also used after being 
fried in oil. A problem in the use of rice crispies is the frequent 
sogginess which results from absorption of moisture from humid air.
Idlis and dosais. These are fermented products of rice which are 
most commonly used in South India. Preparations like dosais (rice cake) 
and idlis (rice pudding) are prepared from a mixture of rice and a 
pulse (black gram). The mixture of rice and pulse is either ground in the 
wet state or the dry mix is made into a paste with water and then allowed 
to ferment for 8 to 12 hours. The fermented paste is then toasted in the 
pan or cooked in steam. The fermenting organisms that produce lactic 
acid and carbon dioxide are present on both grains. The fermenting 
medium is essentially the grain material, the protein of which aids in 
raising of the dough. Par-boiled rice is better suited to fermentation 
than raw rice. The fermentation proceeds well at about 35°C and at 
warmer temperatures an overnight standing will suffice. Mukherjee 
et al. (44) showed that the predominant microorganism responsible for 
souring of idli was Leuconostoc mesenteroides. Other microorganisms, 
such as Streptococcus faecalis and Pediococcus cerevisiae, were found 
as well. Rao (48) stated that as a result of fermentation there was a 
methionine increase at a rate of as much as 18%. Choline and folic
acid were also increased. It was found that the fermented mixture had 
a greater regenerating effect on red blood cells than the same mixture 
before fermentation. In this study the mixture ratio of black gram to 
rice was 4:1. But in another study Van Veen et_ ciL. (66) indicated that 
idli prepared from black gram and rice in a 1:1 proportion and fermented 
for 24 hours, had the same protein efficiency ratio (PER) and digesti­
bility as that of an unfermented mixture, They also found a decrease in 
riboflavin content. Therefore, they concluded that the nutritive advant­
age of idli might lie in its increased acceptability and not in its 
nutritive value.
High protein rice flours. Mazzeno jet al. (39) observed that it was 
possible to produce high protein rice flours containing 21% protein by 
abrading up to 15% (by weight) of the whole conventionally milled 
kernel. No essentail amino acid pattern content was noted below the 
level in the original kernel except for a decrease in tryptophan.
The unique properties of the rice flours suggested their use in exist­
ing foods and food formulations. Addition to salad dressings, pastry 
mixes, potato pan cake mixes, baby foods, gruels, cereal milks, 
dietary foods, gravy mixes^and snack coating agents are examples of 
potential uses.
Corn Products
Com meal as a food. Corn meal is prepared as food in many differ­
ent ways (38). In Ireland, it is made into a porridge called "Stirabout". 
In Northern Italy, it is prepared in a similar way, but with the 
addition of cheese and other ingredients. Unleavened cakes called 
"tortilla" are made in South America and Mexico.
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Hominy, cerealine and samp. Hominy is generally produced as the 
whole kernel minus the hull. It is treated with a solution of alkali 
which serves to loosen the kernel coat. When the hull or coat has 
been removed, the remainder of the kernel, including endosperm and germ, 
is thoroughly washed to eliminate the alkali which was used to loosen 
the hull and to remove a large per cent of oil.
Cerealine and samp, which are the preparations of corn to be 
classed as hominy, are made from the hard, horny portion of the kernel. 
The shelled corn is run between the rollers so that it is cracked open.. 
It is then rolled and rubbed by means of machinery .in order to remove 
the germs and the white, starchy portions. It is not treated with ' 
alkali like whole lye hominy.
These preparations are of high nutritive value and admirably 
adapted for making pudding.
Corn flakes. These flakes are made from white corn grits, which 
are first seasoned with sugar and salt. They are then steam cooked, 
dried and passed through the powerful rollers which flake each grit. 
These flaked grits are placed in an oven where they are toasted.
Pop c o m . This is a peculiar variety of corn which has the 
property of popping and resulting in the complete eversion of the 
kernel. According to Matz (38) the popping of the corn is related to 
a sudden expansion of steam in the intracellular spaces of the endo­
sperm.
Besides the above-mentioned uses, corn is used for making alcohol, 
corn starch, corn syrup, etc.
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Chick peas. Chick peas have limited use alone as human food. In 
India they are mixed with other ingredients or cereal flours to make 
sweets. They are also used as coating for frying potatoes, egg plant, 
etc.
Other High-Protein Foods of Vegetable Origin
Incaparina. Workers at the Institute of Nutrition for Central 
America and Panama (INCAP) developed some vegetable mixtures for human 
feeding (50). These mixtures contained one or more of the ingredients 
such as com, sorghum, rice, sesame flour, cotton seed flour, leaf meal, 
calcium carbonate and vitamin A. These mixtures were found to cure ' 
kwashiorkor (51). Of all the mixtures, formulation 9B which contained 
29% whole ground corn, 29% whole ground sorghum, 38% cotton seed flour, 
3% torula yeast, 1% calcium carbonate and 4-500 I.U. of vitamin A per 
100 gm, is the most popular.
Indian multipurpose food (IMF). These mixtures contain ground nut 
flour, coconut meal, chick pea flour, ground nut protein isolate and 
skim milk powder in various proportions. They have been found to meet 
the protein requirements of protein-depleted rats (47).
Among the other vegetable mixtures, Dutra de Oliveira et al. (13) 
developed one for use in Brazil. It consisted of soyflour, corn starch, 
non-fat milk powder and sucrose supplemented with vitamins and minerals. 
The food was well-accepted by children and adults and had a high 
nutritive value.
Simulated milk mixtures were made from tropical plants, such as 
soybeans, coconut and taro (60). The overall nutritive value of one
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of the mixtures, called Poi-II, was comparable to milk with the exception
of calcium absorption. This characteristic was found to be better when 
milk was used.
Program for Furthering the Production of Soybeans in India
Attempts are now being made to determine to what extent soybeans 
can be grown in India. Altschul (2) suggested that if soybeans could be 
made an indigenous crop, this would be a great source of protein for 
India and perhaps they could be cultivated on land used for nonfood 
products. The University of Illinois has been interested in helping to 
establish two universities in India for increasing production of soybeans 
through research and extension. These universities are a departure 'from 
the previous type of educational institutions in India in as much as they 
are being modeled after the land-grant colleges of the United States.
One of the universities called Uttar Pradesh Agricultural College is 
located at Pant Nagar in the State of Uttar Pradesh. The second 
university is J. Nehru Agricultural University at Jabalpur in the State 
of Madhya Pradesh. Members of the staff of the University of Illinois 
have served in these universities for years helping the people in 
research and extension programs. Recently, a proposal was made 
by the University of Illinois to AID for research programs in soybeans 
in India. This has been approved by the Indian Government but they are 
now awaiting approval by AID. The purpose of this project is to 
encourage the people of India to grow soybeans as a major crop.
According to Milner (41) some soybean samples were sent to India and 
the results of a 1-year trial showed that soybeans could be grown 
in India with the achievement of high yields. During his visit to India, 
Dr. Milner was very much impressed with the enthusiasm of the people at
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the University as well as at the government level. He hopes that if the 
same kind of background, the same kind of enthusiasm and the same kind 
of cooperation exists among the universities, industry and government, 
there is a good chance of developing soybean growing as a major industry 
in India. The purpose of the project is to bring together the Indian . 
scientists in the fields of plant pathology, genetics, agronomy and soil 
science, and indoctrinate them on the operations. Scientists from 
the University of Illinois will take the role of advisor-participant.
Dr. Milner thinks that success will depend on the ability to obtain 
people with the same enthusiasm and capabilities as exists with some of 
the pioneers in the United States.
Hill (29) in his seminar at the International Conference on 
Soybean Protein Foods, suggested the feasibility of incorporating 
soybeans in the cereal—legume—milk-mixture for the infants in India.
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III. MATERIALS AND METHODS
Procurement and Handling of Soy Protein Isolate, Rice, Corn, and Chick 
Peas
Isolated soy protein was purchased from the Central Soya Company 
(Chicago, Illinois) and was transported to the Louisiana State University 
in refrigerated trucks. It was delivered in 50-pound sacks, which upon 
arrival were immediately stored in a 37-42°F refrigerated room. Storage 
at this temperature kept the microbial growth at a low level and, there­
fore, it was maintained for the stored isolate throughout the duration 
of the experiment. In addition, the sacks of soy protein isolate were 
stored above floor level to prevent caking which could have been caused 
by absorption of moisture present on the floor.
Field com was obtained from the L.S.U. Entomology Department and 
was kept in sacks in the refrigerated room (37-42°F) until processed.
Chick peas and rice were purchased from a local grocery store in 
commercial packets and stored at room temperature (72-75°F) until 
processing.
Germination of Corn
The good kernels (those which were not broken or otherwise defec­
tive) were separated from the bad ones and washed thoroughly with 
water. The kernels were then allowed to soak in water in a glass 
container for 2k hours. Water was changed every k hours during 
soaking. Plastic crispers (12" X 8" X 5") were used for germinating 
the kernels. Brown paper towels soaked with water were placed at the 
bottom of the crisper and the wet kernels were then spread uniformly
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over the wet paper. After spreading, the kernels were covered with 
water-soaked brown paper and the crispers were covered with lids. They 
remained in that state for 2 days with an occasional sprinkling of 
water. After the kernels sprouted and the plumules were about the 
size of the kernels, they were thoroughly washed with water and dried 
in a forced air oven at 60°C without causing caramelization of the 
sugar.
The purposes of germination were as follows:
1. to cause conversion of fat to
carbohydrate in the endosperm of 
the seed;
2. to hydrolyze starch to glucose;
3. to breakdown proteins to peptides
and amino acids.;
4. to develop a malt flavor.
All of the above changes make the corn more digestible.
Processing of Soy Protein Isolate, Rice, Corn, and Chick Peas
Soy protein isolate was prepared from the soybean flakes by the 
Central Soya Company. A flow diagram of the isolation is shown in 
Figure 1.
Rice, corn (germinated and non-germinated) and chick peas were
ground first in a Wiley mill and then sieved through a 100-mesh screen
to produce the flours. The flours were stored in air-tight jars in a 
refrigerator at 37-42°F.
Figure 1.
Flow Diagram of Soy Protein Isolate Production
Defatted Soybean Flakes















Formulations and Their Proximate Analyses
Four formulations were made by altering the quantities of the 
different ingredients (Table 1). These ingredients were varied to 
ascertain if the addition or deletion of some would alter their ac­
ceptability in respect to organoleptic attributes and nutritional 
value. Proximate analysis was determined in duplicate on each formu­
lation according to AOAC methods (1).
Determination of dry matter and moisture. Two grams of sample 
were weighed in a previously ignited and weighed crucible. The sample 
was then dried at 90°C under 30 inches of vacuum to constant weight.
The dry sample was weighed again and dry matter and moisture contents 
were determined using the formulae below:
% Diy matter = Ury) X 100weight of sample (wet)
% Moisture = 100% - Dry matter
Determination of ash. The sample obtained after the determination 
of moisture and dry matter, was used for determining the ash content. 
The sample was ashed in a muffle furnace at 550°C for 5 hours. The 
ashed sample was directly transferred to a desiccator, cooled and 
weighed immediately. This was repeated until a constant weight was 
obtained. Calculations were made as follows:
. . weight of ash
% Ash (mineral matter) = weight of sample X 100
Determination of crude fiber. The procedure consisted of the 
removal of lipids from a 2-gram sample by extracting overnight with 
diethyl ether in a Soxhlet apparatus. The resulting residues left in 
the thimble after ether extraction were dried at room temperature and 
placed in a 600 ml digestion flask. Some previously prepared asbestos
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Table 1
Composition of the Formulations
Formulations
Ingredients •_________________ ;  I II III______ IV
   %  ______
Soy protein isolate, 50 50 65 60
Rice flour 25 25 15 15
Chick pea flour 10 15 - 25
Non-germinated corn flour - 10. 20
Germinated corn flour 15 - -
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was added to the flask and then digested with 200 ml of a 0.255 N
sulfuric acid solution for 30 minutes by refluxing in a digestion
apparatus. The flask was removed, the mixture filtered through
linen in a fluted funnel and washed with boiling water until the
washing was no longer acid. The residue was placed back into the
digestion flask and digested with 200 ml of hot 0.313 N sodium hydroxide
solution for 30 minutes. The sample was filtered through a previously
prepared gooch crucible and the residue was washed with hot water to
remove the alkali. The residue in the crucible was dried overnight in
a convection oven at 100°C; then cooled in a desiccator and weighed.
The crucible was placed in the oven for additional heating, cooled and
re-weighed until a constant weight was obtained. It was then placed in
a furnace and ignited for 2 hours at 600°C until the entire residue
was ashed. The crucible was cooled in a desiccator and weighed to a
constant weight. Fiber content was calculated as follows:
% Crude fiber ~ of residues after digestion - weight of ash x
weight of sample
Determination of crude fat. Two grams of sample were weighed an<̂  
dried in a vacuum oven. The sample was transferred to a thimble and 
extracted with anhydrous ether for 16 hours in the Soxhlet apparatus. 
Thimbles with porosity permitting rapid passage of ether were used. 
After extraction, the extract was allowed to dry at room temperature 
and weighed. Calculations were made as shown below:
% Crude fat = veigg- P f ethe^  extract x 100 weight of sample
Determination of crude protein. Two grams of lab sample were 
weighed on a filter paper disc. The samples were wrapped with the
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filter paper and placed in Kjeldahl flasks. One "Kel-Pak" ("Kel-Pak"
#2 containing CuS01|,K2S0lj) and 25 ml of concentrated sulfuric acid 
were added to each flask. A blank was prepared by adding a filter 
paper, one "Kel-Pak" and 25 ml of concentrated sulfuric acid to 
another Kjeldahl flask. The sample and the blank were digested until 
the solutions were clear. Heating continued for one-half hour longer. 
The flasks were rotated every fifteen minutes during the digestion.
The flasks were allowed to cool after the digestion at which time 175 ml 
of water was added to each flask. Several pieces of mossy zinc were 
added to each flask as well as 100 ml of 50% sodium hydroxide. The 
flasks were then connected to the distilling apparatus and the ammonia 
was distilled into Erlenmeyer flasks containing 50 ml of b% boric acid 
with methyl red-methylene blue as the indicator. Distillation was con­
tinued until the distillate reached the 225 ml mark on the flask. The 
distillates were titrated with 0.1N HC1 to the same color shade as the 
reference solution containing 50 ml of k% boric acid, 175 ml of dis­
tilled water and methyl red-methylene blue. The amount of protein 
was determined using the following formulae:
at _ (Ml of HCl) (N of HCl)(lU)(l00)A. % Nitrogen = )-------— — — — ., X —-----(gram of sample)(1000)
B. % Protein = (% nitrogen)(6.25)
Organoleptic Analysis
Organoleptic tests were conducted on the gruels made from each 
formulation. About 30 grams of sample dissolved in a glass of water 
(approximately H00 ml) and cooked for 5 minutes was sampled by 20
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students from India on the campus. One and a half spoons of sugar and 
two drops of vanilla were added to increase the esthetic value. The sam­
ples were evaluated with regard to appearance, odor, flavor, taste, con­
sistency, and overall liking. The score sheet is shown in Figure 
Comparisons for acceptance were also made during the different storage 
periods (0,7,28,56, and 112 days).
Methods of Preservation
Ten grams of sample of each formulation were placed in small plastic 
bags which were then sealed. The methods employed for preservation were:
(a) storage at 37-42°F in plastic bags;
(b) samples in the plastic bags irradiated with 
cobalt-60 at 0.15 Mrad and then stored at 
37-42°F.
Samples stored at the room temperature were used as the control. Total 
bacterial and mold counts were made on the samples as well as organo­
leptic evaluations.
Total microorganisms
A 10-gram sample of each of the four formulations under different 
treatments was placed in separate sterile Waring blender bowls with 90 
ml of water. This made an effective dilution of 1:10. The samples 
were blended thoroughly and further dilutions were made.
Pour plates for bacteria were made on each sample in duplicate 
using Nutrient Agar medium (Appendix Table I) at dilutions of 1:10,
1:100, 1:1,000, 1:10,000, 1:100,000, 1:1,000,000, 1:10,000,000. The 
plates were then incubated at 37°C and colonies were counted after 




score sneer usea 
In the Organoleptic 
Evaluation of the Formulations. Date; 34
Sample Sample Sample Sample
Control No.l No.2 No.3 No.4 Remarks
Appearance 
10. Excellent 
















































Mold counts were made by the following procedure: Pour plates
were prepared in duplicate using Bacto Mycological agar (Appendix 
Table II) in the same manner and procedure described previously.
Animal Assays
Since chemical analyses alone do not give a true picture of the 
nutritional quality of foods, rat assays were conducted to determine 
the true nutritional values of the formulations.
Experiment I
Preparation of isocaloric rations and their analyses. The average 
caloric intake of an adult Indian is 2020 kcal per day and the average 
daily protein intake is 12% (64). Since caloric intake is not a major 
problem in India :\s it is a rice eating country, the caloric values of 
the experimental diets were kept within the range of about 2000 kcal but 
the protein level was increased to 27%, which is the recommended adult 
requirement. In all studies, casein was the standard protein for 
comparison. Two control rations were used - one with 12% casein and 
the other with 27% casein protein. These were compared with the experi­
mental diets containing 27% protein in the formulations. Since the 
four formulations differed from each other and from casein in their 
composition, adjustments were made in the amount of corn oil and corn 
starch to maintain a constant caloric value as well as the desired 
protein composition in all the rations. All diets were supplemented 
with a complete vitamin mixture (Appendix Table III) and a mineral 
mixture (Appendix Table IV) to maintain the same content of essential
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minerals and vitamins in all diets. The composition of the rations is 
shown in Table 2. Since the rations were made on theoretical calcula­
tions, it was necessary to determine proximate analysis on each of the 
six rations to compare their actual composition with the theoretical 
estimates.
Design of the experiment. Thirty weanling male albino rats of the 
Carworth CFN strain were distributed randomly into 6 successive groups 
of 5. The animals were housed in individual cages with raised wire- 
meshed bottoms. Daily, the test diets and water were given ad. libitum 
and food intake was measured after an initial adjustment period of 
4 days. The experiment lasted for a period of 4 weeks.
Evaluation of weight gains, feed efficiency ratios and protein 
efficiency ratios. Individual weights were recorded every 7 days for 
28 days. From the feed consumption, the feed efficiency ratios (FER) 
and the protein efficiency ratios (PER) were calculated.
Humoral studies. At the end of the experimental period (28 days), 
blood was collected by cardiac puncture and stored in heparinized test 
tubes for determination of hematocrit values, hemoglobin, and red 
blood cell counts.
Hematocrit values were determined by the microhematocrit method 
(32). Blood was drawn by capillary action into microhematocrit tubes up 
to half an inch below the tip. The end through which the blood was 
drawn was then sealed with cementing material. The tubes were centrifuged
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Table 2
Composition of Animal Rations
Diet Number
Ingredients
Casein 12.0 - - - - 27.0
Corn starch 82.0 39.0 39-5 49.0 47.0 67.0
Vegetable Oil 2.0 2.0 2.5 2.0 2.0 2.0
Salt mixturef 4.0 4.0 4.0 4.0 4.0 4.0
Vitamin mixture? 2.2 2.2 2.2 2.2 2.2 2.2
Formulation I - 55.0 - - - -
Formulation II - - 54.0 - - -
Formalation III - - - 45.0 - -
Formulation IV - - - - 47.0 -
Proteins 12.0 27.0 27.0 27.0 27.0 27.0
■*■ Composition of mixture found in Appendix Table IV.
Composition of mixture found in Appendix Table III. Expressed 
as grams per 100 grams of diet.
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in a micro-capillary centrifuge for >4 minutes. The tubes were then read 
in a micro-capillary reader.
The cyanmethemoglobin method was used for determining the hemoglobin 
content (66). A Bausch and Lomb spectronic 20 colorimeter was used for 
this determination. Five milliliters of cyanmethemoglobin reagent 
(Drabkin's solution) was pipetted into each colorimeter tube. Two 
hundredths of a milliliter of whole blood was added by a micro-pipette 
to each tube except the blank. The pipettes were rinsed several times 
with the reagent. The contents of the tubes were mixed by swirling and 
were allowed to stand for 10 minutes. The wavelength of the colorimeter 
was set at 5*+0 mu and was blanked at 100% transmission. The blank • 
was then replaced by the unknown samples and the per cent transmission 
was read. The sample per cent transmission readings were referred to 
the table given in the Bausch and Lomb manual and the concentration of 
the sample in grams of hemoglobin per 100 ml of blood was obtained 
directly. The principle in this analysis is that the molecule was 
oxidized to methemoglobin by potassium ferricyanide. Methemoglobin, 
thereafter, is converted to cyanmethemoglobin by potassium cyanide. 
Therefore, the analysis of hemoglobin is in actuality an evaluation of 
the spe.ctrophotometric transmission of cyanmethemoglobin.
The method of counting the total erythrocytes utilized the 
hematocytometric method (32). An erythro-diluting pipette was filled 
with the sample of blood to the 0.5 mark and diluted with Hayem's 
solution to the 101 mark. This yields a 1:200 dilution of the sample.
A hemocytometer chamber with a cover glass properly placed was then 
filled with a drop of the diluted sample taking care not to allow any 
air bubbles to enter. The count was made using the ^5X microscopic
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objective. Five of the 25 small squares in the central area were 
counted. The area represented was 1/25 X 5 sq. mm. for each chamber.
A compensation was made for the random distribution of the cells at 
the margin of each of the 5 small squares. This was accomplished by 
counting those cells which touched the left and upper outer lines and 
disregarding those touching the right inner line.
Experiment II
Biological value of protein in the experimental rations. The term 
"biological value of protein" denotes the measure of protein quality which 
is obtained by an animal study.
In this experiment 60 weanling male albino rats of CFN strain were 
allotted randomly into 6 successive groups of 10. Paired animals were 
housed in each metabolic cage. The test rations used were the same as 
those used for Experiment I. The experiment was conducted for a 
period of 28 days. The animals were on experimental rations for U 
days for an adjustment prior to recording of data. The animals were 
on limited feed of 20 grams per cage. Food intake was recorded each 
day. Urine and feces were collected every 1+th day. Nitrogen was 
determined on both urine and feces by the Kjeldahl method previously 
described. A rat was lost by death in one of the cages, therefore, the 
missing value technique was employed for calculating its theoretical 
values (58). Biological values were determined by using the following 
formula:
Biological value = N .intafce ~ .(fecal N + urinaryjO X 100
N intake - fecal N •
kO
Amino Acid Analysis
Due to the unavailability of an amino acid analyzer, it was 
not possible to determine the amino acid content of the rations.
Statistical Analysis
All statistical analyses of the data were made according to the 
methods of Snedecor (58). Orthogonal comparisons were made between 
formulations (58).
1+1
IV. RESULTS AND DISCUSSION
Proximate Analyses of the Formulations
The proximate compositions of the formulations are shown in Table 3.
The crude protein content was found to he the highest in formulation III 
followed by IV, II, and I. The higher protein content of formulations 
III and IV was mainly due to the higher percentage of soy protein 
isolate in the formulations. The moisture content was similar between 
the different formulations. Ash content was somewhat lower in formula­
tion III as compared to the others. There was no difference in crude 
fat content with the exception of formulation IV which was slightly 
lower. This could be due to the elimination of com from the formulation. 
The low crude fiber content of all the formulations was due to sieving of
the ingredients through 100 mesh size screen. Nitrogen-free extract was 
maximum in formulation I and minimum in formulation III. Since it was 
determined indirectly by subtracting the sum of crude protein, moisture, 
ash, crude fat, and crude fiber from 100%, and since the values of all 
of these except the crude protein are very similar in all the formula­
tions, the differences in the nitrogen-free extract content were 
mainly due to the differences in the crude protein content.
1+2
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2.77 0.95 3.00 31+.1+3
II 10.98 1+9-79 2.1+9 0.70 3.20 32.81+
III 11.33 59.97 2.88 0.69 2.20 22.98
IV 10.80 56.69 1.73 0.59 3.05 27.17
lAverage of two determinations.
^3
Organoleptic Analysis
The average panel responses to the organoleptic tests are shown 
in Table h. The statistical analysis of the data is shown in 
Appendix Table V.
Significant differances were noted in the overall organoleptic 
evaluations of the different formulations. There was a definite pre­
ference for formulations II, III, and IV over formulation I. The 
average score of formulation IV was higher than those of II and III, 
although it was not statistically different. (Appendix Table V).
1*1*
Table 1*
Results of Organoleptic Testing
•) pof the Formulations >
Attributes I
Formulations 
II III IV Average
Appearance 5-9 6.1* 6.3 6.6 6.30
Odor 6.8 6.2 6.1* 6.9 6.58
Sweetness 7.0 6.8 7.1 7.H 7.08
Flavor 6.0 6.5 6.6 6.2 6.33
Taste 5.8 6.5 6.5 6.7 6.38
Consistency 6.9 6.7 6.5 6.9 6.75
Overall liking 6.6 6.7 6.9 7.3 6.88
Average 6.1*33 6.5b 6. 6l 6.86
^Means of organoleptic scores judged by 20 members of the taste panel. 
2Scoring code: 10 - excellent; 8 - very good; 6 - good; b - fair; 
and 2 - poor.
•^Significantly different from formulations II, III, and IV (P<0.01).
i*5
Methods of Preservation 
Total microorganisms
Bacterial counts on the formulations as influenced by the 
different storage conditions and periods are shown in Tables 5 ai*d 
6. Their statistical analyses are shown in Appendix Tables VI through 
VIII.
It was observed that the rate of growth was low in the refrigerated 
and irradiated samples as compared to those kept at room temperature 
over the storage period (Table 5). Consequently, the per cent survival 
of the organisms was also lower. Growth patterns of the different 
samples under different storage conditions and at different storage 
periods are shown in Figures 3 through 6. Statistical analyses were 
applied to test which of the two methods (refrigeration or irradiation 
plus refrigeration) had more adverse effects on the survival of the 
microorganisms. Analyses were also conducted to ascertain if the 
formulations or the storage periods themselves had any effects on the 
survival of the microorganisms indipendently of other factors. The 
results are shown in Appendix Table IX. Irradiation plus refrigeration 
was found better than refrigeration alone in retarding the growth of the 
microorganisms (P<0.0l). There was a highly significant decrease in per 
cent survival of the microorganisms as the days of storage increased up 
to 112 days. This was true in both refrigerated and irradiated plus 
refrigerated samples. Since the per cent survival under refrigerated 
and irradiated conditions at any storage period was calculated from the 
number of microorganisms present in the samples at room temperature at 
that storage period, and since the growth rate was much higher in the
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Table 5
Total Bacterial Counts of the Formulations Stored 
Under Different Conditions and Periods.-*-*̂
Per cent survival 
Storage Bacterial counts of bacteria
time Formu- _________ Refrigerated_____  Refrigerated
(days) lations Room temp.
II -irracL Irrad. Non-irrad. Irrad.
I 1.34 X 105 1.30 X 105 4.30 X 1014 97.01 32.08
A
II 8.00 X 10^ 7.40 X io4 4.00 X 1014 92.50 50.00
0
III 00 o X 1014 5.80 X 1011 4.30 X 10*4 69.04 51.19
IV 1.90 X 10*4 1.80 X 1014 4.00 X 10 3 94.70 21.10
I 1.59 X 10 5 1.4o X 105 4.40 X 1014 88.05 27.67
II 8.6o X 10*4 7.60 X 10'* 5.00 X 10*4 88.37 58.14
7
III 9.00 X io1* 6.00 X 10*4 4.50 X 1014 66.66 50.00
IV 2.60 X 10** 2.10 X 10*4 4.50 X 103 80.80 17.31
I 1.67 X 105 1.50 X 105 4.80 X 10*4 89.82 28.74
II 1.27 X 105 8.00 X 10*4 6.00 X lO*4 63.00 47.24
28
III 1.20 X 10 5 7.00 X 10^ 5-00 X 10*4 58.33 41.67
IV 4.00 X to* 3.00 X 10*4 5.00 X 103 75.00 12.50
I 1.50 X 106 4.50 X 105 6.00 X 10*4 30.00 4.00
II 2.00 X 10 5 1.00 X 105 7.10 X 10*4 50.00 35.50
56
III 3.46 X 105 8.85 X 10*4 6.24 X 10*4 24.56 18.03
IV 3.60 X io5 8.00 X 10^ 5.20 X 103 22.22 1.44
I 2.00 X 106 6.00 X 105 8.36 X 1014 30.00 4.18
112 II 2.70 X 10 5 1.70 X 105 8.40 X 101! 62.96 31.11
III 1.18 X 106 9.60 X lo4 7.30 X 1014 8.13 6.19
IV • 6.00 X 10 5 9.50 X io4 6.70 X 10 3 15.83 1.12
iThe average of duplicate plates.




Effect of Storage Conditions on Per Cent Survival 
of Bacteria in the Different Formulations.1
Formulations
Per cent survival of bacteria
Refrigeration
(37-42°F)





%ean values at 112 days of storage.
2significantly different than formulations III and IV (P<O.Ol) under 
refrigerated conditions.
^Significantly different than formulations II, III, and IV (P<0.05) 
under irradiated + refrigerated conditions.’
^Significantly different than formulations III and IV (PcO.Ol) under 
irradiated t refrigerated conditions.
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samples at room temperature as compared to the irradiated and refrigerated 
samples, there was a large reflection in the decrease of per cent survi­
val. Formulation IV produced less bacterial growth than III, I and II. 
However, reduction in per cent survival in different formulations and 
at different storage periods was dependent on storage condition. Two 
separate statistical analyses were conducted— one on refrigeration and 
the other on irradiation Jplus refrigeration, independently of each other, 
to assess which formulation stored best under these conditions. Results 
are shown in Table 6. Under refrigerated conditions, formulation II 
had the maximum per cent survival over the 112 days of storage. The 
difference was highly significant over formulations III and IV. Thd 
lack of growth was maximum iii formulation III but was not statistically 
less than formulations I and IV. Under the irradiated plus refrigeration 
condition per cent survival over 112 days of storage was much less than 
that under the refrigerated condition. This was attributed to the 
decrease in initial bacterial load due to irradiation. Of all the 
irradiated samples, formulation IV had minimum per cent survival followed 
by I, II, and III. These differences were statistically significant.
There was an unexplainable change in the ranking of formulation III 
concerning the per cent survival of microorganisms. Under the refrige­
rated condition, lack of growth of microorganisms was maximum but under 
the irradiated plus refrigerated condition it was minimum.
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Mold growth
The effects of refrigeration and irradiation plus refrigeration on 
the growth of molds are reported in Tables 7 and 8 and their statistical 
analyses are shown in Appendix Tables IX through XI. Initially, the 
total number of molds was more in formulation I than in the other three. 
Growth patterns of the molds in the different formulations over the 
entire storage period are shown in Figures 7 through 10. Irradiation 
was found to be more effective in the inhibition of mold growth than 
refrigeration (Table 7). It was observed that formulation II had the 
most adverse effect on the growth of molds under refrigerated conditions 
(Table 8). However, the same sample under refrigerated conditions 
supported the maximum growth of microorganisms (Table 6). Formulation 
IV which had the lowest microbial survival under irradiated conditions 
was next to the formulation II in inhibiting the growth of molds under 
refrigerated conditions. However, the per cent survival of molds under 
irradiated conditions was minimum in formulation IV. It was observed 
that per cent survival of molds in different formulations was dependent 
on storage conditions (Appendix Table IX). There was a definite 
retardation in the growth of molds over the storage period but the 
difference between two successive storage periods became smaller 
as the days of storage increased.
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Table 7
Total Mold Counts of the Formulations Under 













I 5 .10 X 10h 4. 10 X 10'** 3.4o X k A 80.39 66 .69
I I 4.00 X 103 1. 60 X 103 7-00 X 102 4o .o o 17.50
I I I 1 .90 X 103 1. 80 X 103 3. 00 X 102 94.74 15.79
IV 3 .0 0 X 103 1. 4o X 103 3. 00 X 102 4 6 .6 7 10 .00
I 5.40 X 10^ 4. 20 X 10h 3. 50 X k A 77-78 64.81
I I 8 .00 X 10 3 2. 70 X 103 9 . 00 X 102 33-75 11.25
I I I 3 .2 0 X 103 2. 40 X 103 3. 60 X 102 75 .0 0 11.25
IV 4.20 X 10 3 1. 70 X 10 3 3. 70 X 102 40.48 8 .81
I 7 .00 X 10*+ 5-00 X 10^ 3.■ 70 X 10^ 71.43 52 .86
I I 2 .6 0 X h A 4. 00 X 103 2. 80 X 103 15-38 10.77
I I I 4.60 X 10 3 3. 20 X 103 3. 90 X 102 69.57 8.48
IV 5 .60 X 103 2.,20 X 10 3 4.,00 X 102 39-29 7.14
I 1 .0 0 X 105 6.,60 X 104 4.,90 X 101* 66 .00 49 .0 0
I I 5 .0 0 X 101* 6:,10 X 10 3 4.,20 X 103 1 2 .2 0 8.40
I I I 8 .00 X 10 3 4.,80 X 1 0 3 5-.40 X 102 60 .00 6.75
IV 6.50 X 10 3 2.•50 X 10 3 4,.20 X 102 38.46 6.46
I 2 . 0 0 X 105 1..30 X 105 8.,10 X 101* 65.OO 40.50
I I 7.50 X 10^ 8.,20 X 10 3 5.■ 30 X 10 3 10.93 7.07
I I I 9-70 X 103 5.• 70 X 10 3 ' 5..60 X 102 58.76 5-77
IV 7 .0 0 X 103 2,. 60 X 103 4,• 50 X 102 37.14 6.42
^The average of duplicate ulates.2 Room temperature - 76-78 F, Refrigeration - 37-42 F, q 5̂
55
Table 8
Effect of Storage Conditions on Per Cent Survival 
of Molds in the Different Formulations.̂
Formulations
Per cent survival of molds
Refrigeration'^
(37-42°F)
Irradiation + Refrigeration 
(0.15 Mrad) (37-42°F)
I 72.12 5 M 7 3
II 22.1+5 11.00
III 71.61 9.61
IV i+o. 1+1 7*77
-*-Mean values of 112 days of storage.
2Survival rates are significantly different from each other (PcO.Ol).
^Significantly different (P<0.0l) than formulations II, III, and IV 














Effects of Room Temperature, Refrigeration,
and Irradiation Plus Refrigeration on



















Effects of Room Temperature, Refrigeration, 
and Irradiation Plus Refrigeration 
Plus Irradiation on Total Mold 
Counts in Formulation II.
am
f riper rat-: _-c 









Effects of Room Temperature, Refrigeration,
and Irradiation Plus Refrigeration on
Total Mold Counts in Formulation III.
p)5-p -











Effects of Room Temperature, Refrigeration,
and Irradiation Plus Refrigeration on









Organoleptic analysis at various storage periods
The results of organoleptic scores of both refrigerated and 
irradiated plus refrigerated samples at different storage periods are 
shown in Tables 9 through l6. Their statistical analyses are reported 
in Appendix Tables XII through XIX.
Significantly low overall organoleptic scores were observed in 
all formulations at 112 days of storage irrespective of storage con­
dition. There was no significant reduction in overall scoring up to 
56 days of storage. Since there were no significant differences between 
the formulations (refrigerated and irradiated) up to 56 days of storage, 
an analysis was conducted to ascertain which formulation was rated 
highest organoleptically at 56 days of storage under each condition. 
Results are shown in Tables 17 and 18. Statistical analyses (Appendix 
Tables XX and XXI) show that formulation I was rated significantly 
lowest under both conditions. Since formulation IV was rated higher 
than formulations II and III (not statistically significant), another 
analysis was done to determine under which storage condition it was 
rated higher, organoleptically. Results (Table 19 and Appendix Table 
XXII) showed no significant differences in overall organoleptic scores.
These results suggest that Indian students, who comprised the 
organoleptic panel, preferred formulations II, III, and IV. Formulation 




Results of Organoleptic Testing of Formulation I
Stored for Different Periods Under Refrigeration.-*-
Storage period (days)
Attributes 0 7 28 56 112 Average
Appearance 5-9 5.8 5.8 5.6 5.5 5-72
Odor 6.8 6.7 6.5 6. o 2.5 5-70
Sweetness 7-0 7-0 7-2 6.9 6.9 7.00
Flavor 6.0 5.9 5-6 5-0 2.1+ 1+.98
Taste 5-8 5.8 5.5 5-0 l+.l 5.21+
Consistency 6.9 6.8 6.7 6-5 6.3 6.61+
Overall liking 6.6 6.1+ 6.it 6.1 3.1 5.72
Average 6.1+3 6.32 6.21+ 5-87 1+.1+03
^Means of organoleptic scores judged by 20 members of the taste 
panel.
^Scoring code: 10-excellent; 8-very good; 6-good; l+-fair; and 2-poor.




Results of Organoleptic Testing of Formulation II
Stored for Different Periods Under R e f r i g e r a t i o n . l »2
Attributes
Sotrage period (days)
Average0 7 28 56 112
Appearance 6.1+ 6.1+ 6.3 6.1 6.0 6.21+
Odor 6.2 6.1 6.0 5-8 2.6 5.31+
Sweetness 6.8 6.7 6.7 6.6 6.6 6.68
Flavor 6.5 6.5 6.1+ 6.0 2.5 5.58
Taste 6.5 6.1+ 6.3 6.2 1+.2 5.92
Consistency 6.7 6.6 6.7 6.6 6.2 6.56
Overall liking 6.7 6.7 6.6 6.5 3.6 6.02
Average 6.5k 6.1+9 6.1+3. 6.26 U.533
%eans of organoleptic scores judged by 20 members of the taste panel.
2Scoring code: 10-excellent; 8-very good; 6-good; l+-fair, and 2-poor.




Results of Organoleptic Testing of Formulation III
Stored for Different Periods Under Refrigeration. ’
Attributes
Storage period (days)
Average0 7 28 56 112
Appearance 6.3 6.3 6.3 6,2 6.1 6.21*
Odor 6.1* 6.3 6.3 6.0 2.1* 5.U8
Sweetness 7-1 7.0 7-1 7.1 . 7-0 7.06
Flavor 6.6 6.6 6.1* 6.2 2.5 5.66
Taste 6.5 6,6 6.5 6.3 3-9 5-96
Consistency 6.5 6.U 6.1* 6.3 6.0 6.32
Overall liking 6.9 6.8 6.7 6.5 3.5 6.08
Average 6.6l 6.57 6.53 6.37 1*.1*93
^Means of organoleptic scores judged by 20 members of the taste panel. 
2Scoring code: 10-excellent; 8-very good; 6-good; l*-fair, and 2-poor.




Results of Organoleptic Testing of Formulation IV
Stored at Different Periods Under Refrigeration.1»2
 Storage period (days)_________
Attributes ~0 7 28 ~ $6 112 Average
Appearance 6.6 6.5 6.4 6.5 6.4 6.48
Odor 6.9 6.8 6.6 6.4 2.5 5-82
Sweetness 7.4 7.2 7.2 7.3 ■ 7.3 7.28
Flavor 6.2 6.1 6.2 6.0 2.6 5-42
Taste 6.7 6.7 6.5 6-. 4 3.8 6.02
Consistency 6.9 6.8 6.7 6.7 6.2 6.66
Overall liking 7-3 7.2 7.2 7.1 3.7 6.50
Average 6.86 6.7 6 6.69 6.63 4.643
iMeans of organolepti.c scores judged by 20 members of the taste panel.
^Scoring code: 10-exeellent; 8-very good; 6-good; 4-fair, and 2-poor.




Results of Organoleptic Testing of Irradiated Formu­
lation I Stored for Different Periods Under Refrigeration.
Attributes
Storage period (days)
Average0 7 28 56 112
Appearance 5-9 5.8 5.8 5.6 5.7 5.76
Odor 6.8 6.7 6.7 6.2 2.1+ 5.76
Sweetness 7.0 7.0 6.9 6.9 . 6.8 6.92
Flavor 6.0 5-8 5-6 5.6 2.6 5.12
Taste 5.8 5.7 5-7 5-6 3.9 5.31+
Consistency 6.9 6.9 6.8 6.9 6.6 6.82
Overall liking 6.6 6.5 6.5 6.1+ 3.2 5.81+
Average 6.1+3 6.3*+ 6.29 6.17 1+.1+63
-*-Means of organoleptic scores judged by 20 members of the taste panel. 
2Scoring code: 10-excellent, 8-very good; 6-good; l+-fair; and 2-poor.




Results of Organoleptic Testing of Irradiated Formulation II
Stored for Different Periods Under Refrigeration.^’̂
Attributes
Storage period (days)
Average0 7 28 56 112
Appearance 6.1+ 6.1+ 6.3 6.3 6 . 2 6.32
Odor 6 . 2 6 . 1 6 . 0 5.8 2 . 6 5. 31+
Sweetness 6 . 8 6.7 6 . 7 6 . 8 6 . 9 6.78
Flavor 6.5 6.5 6.1+ 6 .2 3 .0 5.72
Taste 6.5 6.1+ 6.1+ 6 . 2 3 .2 5. 71+
Consistency 6.7 6.7 6 . 8 6.7 6 . 6 6.70
Overall liking 6.7 6 . 6 6.5 6.5 l+.o 6 .06
Average 6. 51+ 6.1+9 6.1+1+ 6.1+3 1+.61+3
"^Means of organoleptic scores judged by 20 members of the taste panel.
^Scoring code: 10-excellent, 8-very good; 6-good; l+-fair, and 2-poor.




Results of Organoleptic Testing of Irradiated Formulation III
Stored for Different Periods Under Refrigeration.^’̂
Attributes
Storage period (days)
Average0 7 28 56 112
Appearance 6.3 6.3 6.2 6.2 6.0 6.20
Odor 6.k 6.3 6.3 6.2 2.8 5.60
Sweetness 7-1 7.0 7-1 7-0 7-1 7.06
Flavor 6.6 6.6 6.5 6.k 3.0 5.82
Taste 6.5 6.k 6.h 6.2 3.1 5.72
Consistency 6.5 6.6 6.5 6.5 6.k 6.50
Overall liking 6.9 6.8 6.7 6.5 h.o 6.18
Average 6.6i 6.57 6.53 6.k 3 1+.633
i-Means of organoleptic scores judged by 20 members of the taste panel.
^Scoring code: 10-excellent; 8-very good; 6-good; l*-fair; and 2-poor.




Results of Organoleptic Testing of Irradiated Formulation IV
Stored for Different Periods Under Refrigeration.!>2
Attributes
Storage periods (days)
Average0 7 28 56 112
Appearance 6.6 6.6 6.5 6.U 6.2 6.H6
Odor 6.9 6.8 6.8 6.6 3.0 6.02
Sweetness 7-H 7-2 7-3 7-3 7-2 7.28
Flavor 6.2 6.2 6.0 6.1 2.9 5.U8
Taste 6.7 6.6 6.It 6.5 3.3 5.9-
Consistency 6.9 6.8 6.8 6.9 6.7 6.82
Overall liking 7.3 7.0 7.1 7.0 it.i 6.50
Ave rage 6.86 6.7J+ 6.70 6.69 lt.773
iMeans of organoleptic scores judged by 20 members of the taste panel. 
2Scoring code: 10-excellent; 8-very good; 6-good; U-fair; and 2-poor.




Comparison of the Mean Values of Overall Organoleptic




II III IV Average
Appearance 5-6 6.1 6.2 6.5 6.10
Odor 6.0 5-8 6.0 6.1+ 6.05
Sweetness 6.9 6.6 7-1 7-3 6.98
Flavor 5.0 6.0 6.2 6.0 5.80
Taste 5-0 6.2 6.3 6.1+ 5.98
Consistency 6.5 6.6 6.3 6.7 6.53
Overall liking 6.1 6.5 6.5 7.1 6.55
Average 5.87s 6.26 6.37 6.6 3
iMeans of organoleptic scores judged by 20 members of the taste panel. 
^Scoring code: 10-excellent; 8-very good; 6-good; U-fair; and 2-poor. 
^Significantly different than the values for II, III, IV (P<0.0l).
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Table l8
Comparison of the Mean Values of Overall Organoleptic




II III IV Average
Appearance 5.6 6.3 6.2 6.1+ 6.13
Odor 6.2 5.8 6.2 6.6 6.20
Sweetness 6.9 6.8 7-0 7.3 7.00
Flavor 5.6 6.2 6.1+ 6.1 6.08
Taste 5.6. 6.2 6.2 6.5 6.13
Consistency 6.9 6.7 6.5 6.9 6.75
Overall liking 6.H 6.5 6.5 7-0 6.60
Average 6.173 6.36 6.1+3 6.69
-*-Means of organoleptic scores judged by 20 members of the taste panel. 
^Scoring code: 10-excellent; 8-very good; 6-good; l+-fair; and 2-poor. 
^Significantly different than the values for II, III, IV (P<0.0l).
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Table 19
Comparison of the Mean Values of Overall Organoleptic 
Results of Formulation IV Preserved by Refrigeration 




Irradiation + Refrigeration 
(0.15 Mrad) (37-42°F)
Appearance 6.5 6.1+ 6 . 4 5
Odor 6.1+ 6.6 6.50
Sweetness 7.3 7.3 7-30
Flavor 6.0 6.1 6.05
Taste 6. 1+ 6.5 6.1+5
Consistency 6.7 6.9 6.8 0
Overall liking 7-1 7.0 7.05
Average 6.63 6.68
-̂ -Means of organoleptic scores judged by 20 members of the taste panel. 




Analyses of isocaloric rations. The results of the isocaloric 
rations made by calculations and their experimental values are com­
pared in Table 20. Although the calculated values were a little 
higher than those of the experimental values, a close relationship 
was observed in the protein and caloric contents.
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Table 20
The Experimental and Calculated Protein and 
Caloric Contents of the Experimental Rat Diets.
Experimental  Protein(^) ' Calories per g._____
Diet Number Experimental Calculated Experimental Calculated
................values.......values........values values
1 11.20 12.00 It.00 it.33
2 26.00 27.00 It.00 It.29
3 26.30 27.00 it.01 It.29
U 26.80 27.00 It. 02 h.3b
5 26.00 27.00 It. 02 it. 30
6 26.70 27.00 It. 09 U.55
74
Evaluation of weight gains, feed efficiency ratios and protein 
efficiency ratios. The results of weight gains, feed efficiency ratios, 
and protein efficiency ratios are shown in Table 21. .The individual 
values and their respective summaries of statistical analyses are shown 
in Appendix Tables XXIII through XXV.
The rats on 12$ protein had the minimum weight gain. No significant 
differences were noted in the weight gains of rats on 27$ casein protein 
diets and the diets containing the different formulations. However, 
weight gains of rats fed diet number 5, which contained formulation IV, 
was the closest to those obtained from 27$ casein protein diets.
A comparison of the feed efficiency ratios showed that no signifi­
cant differences were evident between the diets containing the formula­
tions and the 27$ casein protein diet. The values of the diets 
containing formulations II and IV were the closest to that obtained 
from 27$ casein protein diet. A significantly low feed efficiency 
value was noted with the 12$ casein protein diet.
Protein efficiency ratios were found to be lower at the higher 
levels of protein intake. Even protein efficiency ratios with 27$ 
casein protein were lower than those obtained with 12$ casein protein. 
This phenomena of a low protein efficiency ratio in rats on higher levels 
of protein intake was also noted by Dutra De Oliveira and Scatena (14) . 
One of the most feasible of explanations is that all protein was not 
absorbed at the higher level of protein intake. However, no significant 
differences were noted between, the 27$ casein protein diet and the 
other diets containing the formulations.
75
Table 21
Effects of Experimental Diets on Weight Gains, 
Feed Efficiency Ratios, and Protein Efficiency Ratios.
Experi- Number Average Average 
mental of initial _ weight 
diet rats weight(g) gain(g)
1 5 63.1*0 8o .8o3
2 5 61*.00 121.00
3 5 61*.20 125.80
1* 5 67.20 121*. 60
5 5 66.1* 0 127.20
6 5 65.00 130.1*0
Average Average
food protein
intake(g) intake(g) FER1 PER2
371*- i*o 1*1.92 0.21*1 1.93-
37U.U0 97-28 0.32 1.2l*
382.20 100.52 0.33 1.25
386.60 103.60 0.32 1.25
380.80 99.OO 0.33 1.28
360.60 96.28 0.36 1.35
-*-FER (Feed efficiency ratio) = -§— — ---g feed consumed
2PER (Protein efficiency ratio) = 5.aj-n-- -—g protein consumed
^Significantly different than diets 2,3 ,*+,5 ,6 (PcO.Ol)
^Significantly different than diets 2,3,1*,5,6 (P<0.05)
^Significantly different than diets 2,3,1*,5,6 (P<0.0l)
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Humoral studies. Results of the effects of the six experimental 
diets on the blood picture are shown in Table 22. Their statistical 
analyses are reported in Appendix Tables XXVI through XXVIII.
Hemoglobin content of the animals fed diets H and 5 containing 
formulations III and IV, respectively, were normal (68) and comparable 
with those of the animals fed 27% casein protein. However, rats fed 
12% casein protein diet and the diet containing formulation I had 
significantly lower hemoglobin contents. Though the hemoglobin content 
was low in rats fed diet 3, containing formulation II, it was not 
significantly different from those obtained with diets U,5,and 6.
The hematocrit of blood is the per cent of blood that is cells. 
Though there were no significant differences among the diets, rats fed 
diets and 5 had higher hematocrit values and they were within the 
normal range.
Average erythrocyte count of normal rats is about 7 million per 
cubic millimeter. Although the observed values were lower than 7 
million, they can still be considered to be in the normal range. Wo 
significant differences were noted among the different groups, but the 
count was slightly higher in rats fed diet 3-
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Table 22
Mean Values of Hematocrit, Hemoglobin, and Red Blood 
Cell Counts of the Rats Fed the Experimental Diets.
Experimental ' Hemoglobin Hematocrit Red blood cell-
diets- contents (g/100 ml) values counts (X 10° cu mnj
1 11.962 39-50 6.26
2 12.1+1+3 3T-20 6.00
3 13.1+8 1+1.10 6.26
1+ 11+.08 1+3.20 6.76
5 ll+.OO 1+3.10 6.29
6 ll+.OO 1+2.10 6.75
-̂Average of 5 rats per treatment.
2significantly different than the values for experimental diets 2, 
3,1+,5,6 (P<0.01).




Biological value of protein in the formulations. Table 23 shows 
the results of the biological values of protein in the formulations. 
Their statistical analyses are reported in the Appendix Table XXIX.
Biological value of the diet containing formulation III was the 
highest, but it was not significantly different from those of the other 
three formulations and those containing the 12% and 27% casein. High 
biological value of protein with 12% casein protein was probably due to 
less excretion of nitrogen in urine and feces at lower level of protein 
intake. But since the food is for human consumption whose protein 
requirements are higher than those of rats, comparison should be made 
between the biological values of protein at higher level of protein 
intake. The results show no significant differences in biological 
values between the 27% casein protein diet and diets containing the 
formulations at the same level of protein.
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TABLE 23
Mean Values of Nitrogen Intake, Nitrogen Excretion, and 













1 9.90 3.07 0.89 3.96 65.94
2 22.91 8,19 1.45 9.64 62.38
3 23.29 7,46 1,46 8,92 65.82
4 23.52 6,92 1.41 8.33 68.72
5 22.88 8.21 1.44 9.65 61.70
6 23.51 7.99 0.82 8,81 64,81
bverage values of 5 replications with 2 rats per replication.
biet No. 1 - containing 12% casein.
2 -- containing formulation I (27% protein) .
3 - containing formulation II (27% protein).
4 - containing formulation III (27% protein).
5 - containing formulation IV (27% protein),
6 - containing 27% casein.
biological value of protein = N intake .-...(urinary. N + fecaQ l X 100
N intake - fecal N
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Cost for Supplying the Daily Protein Requirements of the Infants with 
the Formulations
The amount of protein needed daily by the growing infant is between 
1.5 and 3.5 grams per kg body weight (70). The average is considered 
to be 2.5 grams per kg body weight. A 1-year old infant weighing about 
9 kg will, therefore, need about 23 grams of protein. If the same 
amount of protein is supplied with the different formulations, it will 
cost about 2.9, 2.8, 2.3, and 2.7 cents for formulations I, II, III 
and IV, respectively. The figures were calculated on the basis of the 
price per pound of the different ingredients as follows: soy protein 
isolate - 35 cents, rice - 10 cents, chick peas - 25 cents, non­
germinated corn - 12 cents, and germinated corn - 15 cents.
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V. CONCLUSIONS
On the basis of results obtained with the 4 formulations, the 
following conclusions were made:
1. Proximate analyses indicated that formulation III had the
highest crude protein content followed by IV, II, and I.
2. Formulation IV had the highest average organoleptic score 
followed by III,'II, and I. However, no significant differences 
were evident between formulations II, HI, and IV.
3. Irradiation plus refrigeration was found more effective than
refrigeration alone in retarding the growth of bacteria and 
molds. Although bacteria and molds grew better in formulation 
III than in IV when both were stored under the two conditions, 
no significant organoleptic differences were observed between 
them up to 56 days of storage.
4. There were no significant differences between the 27% casein 
protein ration and the formulations containing the same level 
of protein in rats as far as the effects on weight gains, 
feed efficiency ratios, protein efficiency ratios, hematocrit 
values, hemoglobin contents and red blood cell counts.
5. Formulation III had a higher biological value of protein 
than formulations I, II, and IV, but it was not statistically 
significant.
6. Considering the daily protein requirements of a 1-year
old infant, the cost was found to be the lowest with
formulation III followed by IV, II, and I.
7. In some respects formulation II was better than formulations
III or IV or both. For example, the rats on formulation II
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had slightly higher weight gains and better feed efficiency ratios. 
Retardation of molds was better in formulation II than in III or IV. 
However, when all the criteria were taken into consideration, formula­
tions III and IV were the best, nutritionally and economically.
Although refrigeration and irradiation plus refrigeration had variable 
effects on bacterial and mold growth in different formulations, organo­
leptically they kept equally well under those storage conditions. 
Therefore, if irradiation facilities are not available, the formulations 
could be preserved under refrigerated conditions up to 56 days without 
affecting their organoleptic quality.
The results of this study show that formulations III and IV are 
suitable protein supplements for countries like India where protein 
deficiency is very acute among the low-income groups. The costs of 
the products indicate that each person from the low-income group can 
afford to buy them. These products can also be included in school 
lunch programs. Consequently, the production and distribution of 
these formulations should be encouraged as means of combating mal­
nutrition in underdeveloped countries.
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VI. SUMMARY
Nutritional deficiencies in the underdeveloped or developing 
countries, for example India, are in the area of protein, fat and 
calories. Of these, protein deficiency is perhaps the most critical. 
Recently, emphasis has been given to the development of high-protein 
low-cost foods using soybean as a main source of protein. Because of 
its high quality protein, soybean in the form of protein isolate was 
mixed with other ingredients, e.g., chick peas, rice, and corn (germi­
nated and non-germinated) to develop a high-protein vegetable food 
mixture. Four formulations were made by mixing the different ingredients 
in varying proportions.
Proximate analyses were determined on the 4 formulations and 
formulation III was found to have the highest crude protein content. 
Formulation IV had the highest average organoleptic score followed by 
III, II, and I. However, no significant differences were evident 
between formulations II, III, and IV.
A study was made on the methods of preservation for the formulations- 
using refrigeration and irradiation plus refrigeration as the storage 
methods. The formulations were stored up to 112 days and bacterial and 
mold counts as well as organoleptic ratings were made at 0, 7, 28, 56 
and 112 days. Irradiation plus refrigeration was found better than 
refrigeration alone in retarding the growth of bacteria and molds.
Though mold growth was minimum in formulation II under refrigerated 
and irradiated plus refrigerated conditions, formulations III and IV had 
lower bacterial counts under refrigerated condtions. Irradiation plus 
refrigeration also had the most adverse effects on the bacterial growth
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xn fojrmulation IV. Though survival of bacteria and molds were variable 
in different formulations depending upon the storage conditions, no 
significant differences were observed organoleptically in the formulation 
up to 56 days of storage irrespective of the storage condition. At 56 
days of storage, formulation IV had the highest overall organoleptic 
scores followed by III, II, and I. The differences, however, were not 
significant among formulations II, III, and IV.
Animal assays were conducted to assess the actual value of the 
formulations in promoting growth as well as to determine the feed 
efficiency ratios, protein efficiency ratios, the hematological effects 
and the biological value of protein. No significant differences were 
noted between the 27% casein protein ration and the rations containing 
the formulations at the same level of protein.
From the cost benefit point of view, the use of formulation III 
to supply the daily need of protein for an infant was the most econom­
ical of all the formulations.
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APPENDIX
Table I
Composition of Bacteriological Medium







To rehydrate the medium, 23 grams of the 
dehydrated material was suspended in a 
liter of cold distilled water. The water- 
medium suspension was heated to boiling to 
dissolve the medium completely. It was then 
distributed in bottles and sterilized in the 
autoclave for 15 minutes at 15 pounds pressure. 





Composition of Mycological Medium






Bacto-agar   15 g
^To rehydrate the medium, 35 grams of the 
dehydrated material was suspended in a 
liter of cold distilled water. The water- 
medium suspension was heated to boiling to 
dissolve the medium completely. It was then 
distributed in bottles and sterilized in the 
autoclave for 15 minutes at 15 pounds pressure. 
Final reaction of the medium was pH 7-0.
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Table III
Composition of Vitamin Diet Fortification 
Mixture Used for Animal Assays.1
Vitamin A concentrate      h.50 g
(200,000 unit's per gram)
Vitamin D concentrate  0.25 g
(400,000 units per gram)
Alpha tocopherol........................................... 5-00 g
Ascorbic acid.............................................. 1+5.00 g
Inositol..................................................  5-00 g
Choline chloride........................................... 75-00 g
Menadione.................................................  2.25 g
p-aminobenzoic acid........................................ 5-00 g
Niacin....................................................  1+.50 g
Riboflavin................................................  1.C0 g
Pyridoxine hydrochloride...................................  1.00 g
Thiamine hydrochloride.....................................  1.00 g
Calcium Pantothenate    3-00 g
Biotin.................................................... 20.00 mg
Folic acid   90.00 mg
Vitamin B-12........................ -  1-35 mg
^The above vitamins were triturated in dextrose to make up 1 kg. 




Composition of Salt Mixture Used for Animal Assays.
SALT MIXTURE U.S.P. XIV
Trace mineral mixl.......................................  l6.2 g
Calcium carbonate  68.6 g
Calcium citrate    308.3 g
Calcium biphosphate....................................... 112.8 g
Magnesium carbonate....................................... 35-2 g
Magnesium sulfate........................................  38.3 g
Magnesium sulfate....................................... 12b.7 g
Dibasic potassium phosphate...............................  218.8 g
Sodium chloride..........................................  77-1 g
1000.0 g
■̂ Trace Mineral Mix 
Cupric sulfate  0.b8 g
Ferric ammonium citrate....................................  9b.33 g
Manganese sulfate  1.2b g
Ammonium alum.........................   • 0.57 g
Potassium iodide................  . 0.25 g




Analysis of Variance of Organoleptic Testing of 
the Formulations.
Source of Degrees of Sum of Mean
variation freedom squares squares F value
Total 27 U. 03
Attribute 6 2.16 0.36 5-lH**
Formulation 3 0.69 0.23 3-29*
(I) vs.(II),(III),(IV) 1 0.31 h.b3*
(II) vs.(Ill),(IV) 1 0.17 2.H3
(III) vs.(IV) 1 0.21





Analysis of Variance on Per Cent Survival of Bacteria 
in Different Formulations Stored Under Different Conditions 









Storage condition 1 11,11+9-59 11,11+9.59 11+8.23**
Formulation 3 3,102.98 1,0 3)+. 33 13-75**
Storage period 1+ 13,576.72 3,39l+. 18 1+5.12**
Storage condition x 
formulation
3 2,227.33 71+2.1+1+ 9.87**
Storage conditions x 
storage period
1+ 1,7^8.79 1+37-20 5.81**
Formulation x 
storage period
12 1,160.1+6 96.71 1.29




Analysis of Variance on Per Cent Survival of Bacteria
in Different Formulations Stored Under Refrigeration.






Tot al 19 16,137.61
Storage period 1+ 12,H87.23 3,121.80 22.52**
Formulation 3 1,987.02 662.3U I+.78*
(I) vs. (II),(III),(IV) 1 292.78 2.11
(II) vs.(Ill),(IV) 1 1,311.95 9.U6**
(III) vs. (IV) 1 382.30 2.76





Analysis of Variance on Per Cent Survival of Bacteria










Storage period h 2,838.26 709.57 21.30**
Formulation 3 3,31+3.27 l,lll+.l+2 33.1+5**
(I) vs.(II),(III),(IV) 1 388.52 11.62*
(II) vs.(Ill), (IV) 1 1,661+. 03 1+9.03**
(III) vs. (IV) 1 1,290.72 38.7I+**





Analysis of Variance on Per Cent Survival of Molds in 
Different Formulations Stored Under Different Conditions 









Storage condition 1 9,525-57 9,525.57 36^.68**
Formulation 3 12,876.95 1+ ,292. 32 161+.33**
Storage period 1+ 1,655.88 ^13.97 15.85**
Storage condition x 
formulation
3 3,830.73 1,276.91 H8.89**
Storage condition x 
storage period
k 167.86 Ul.97 1.6l
Formulation x 
storage period
12 303.^1 25-28 0.97




Analysis of Variance on per Cent Survival of Molds
in Different Formulations Stored Under Refrigeration.
Degrees of Sum of Mean
Source of variation freedom squares squares F value
Total 19 10.800.U5
Storage period k 1,1*22.11 355-53 10.78**
Formulations 3 8,982.1+1* 2,99^.15 90.76**
(I) vs. (II),(III),(IV) 1 2,793.88 81*.69**
(II) vs. (Ill), (IV) 1 3,75li.02 113.79**
(III) vs. (IV) 1 2, l*3l*. 5!+ 73.80**




Analysis of Variance on Per Cent Survival of Molds in 








Tot al 19 8,31+7-88
Storage period 1+ 1+01.61+ 100.1+1 5.1+5**
Formulation 3 7,725.25 2,575-08 139-80**
(I) vs.(II),(III),(V 1 7,698.96 1+17.97**
(II) vs. (Ill), (IV) 1 17.80 0.97
(III) vs. (IV) 1 8.1+8 0.1+6




Analysis of Variance of Organoleptic Results of
Formulation I Preserved by Refrigeration at
Different Storage Periods.







Attribute 6 15 -66 2.61 1+.66**
Storage period U 19-85 U.96 8.86**
112 vs. 0,7,28,56 days 1 18.58 33.18**
56 vs. 0,7,28 days 1 l.ll+ 2.03
28 vs. 0,7 days 1 0.10 0.17
7 vs. 0 day 1 0.03 0.05




Analysis of Variance of Organoleptic Results of
Formulation II Preserved by Refrigeration at
Different Storage Periods.







Attribute 6 7.18 1.19 2.29
Storage period b 20.5U 5.1b 9.88**
112 vs. 0,7,28,56 days 1 20.22 38.88**
56 vs. 0,7,28 days 1 0.27 0.52
28 vs. 0,7 days 1 0.03 0.06
7 vs. 0 day 1 0.01 0.02




Analysis of Variance of Organoleptic Results of
Formulation III Preserved by Refrigeration at
Different Storage Periods.







Attribute 6 7.93 1.32 2.09
Storage period U 23. HU 5.86 9-30**
112 vs. 0,7,28,56 days 1 23.21 36.8H**
56 vs. 0,7,28 days 1 ̂ 0.21 0.33
28 vs. 0,7 days 1 0.02 0.03
7 vs. 0 day 1 0.006 0.01




Analysis of Variance of Organoleptic Results of
Formulation IV Preserved by Refrigeration at
Different Storage Periods.







Attribute 6 11.12 1.85 2.80*
Storage period H 2H.65 6.16 9.33**
112 vs. 0,7,28,56 days 1 2b.bb 37.03**
56 vs. 0,7,28 days 1 0.10 0.15
28 vs. 0,7 days 1 0.07 0.11
7 vs. 0 day 1 0.0H 0.06





Analysis of Variance of Organoleptic Results
of Irradiated Formulation I Stored Under
Refrigeration at Different Periods.







Attribute 6 lU.21 2.37 3.95**
Storage period U 19 Al I1.85 8.08**
112 vs. 0,7,28,56 days 1 19.17 31.95**
56 vs. 0,7,28 days 1 0.17 0.28
28 vs. 0,7 days 1 0.05 0.08
7 vs. 0 day 1 0.03 0.05




Analysis of Variance of Organoleptic Results of
of Irradiated Formulation II Stored Under
Refrigeration at Different Periods.







Attribute 6 8.62 1.1+1+ 2.53*
Storage period 1+ 18.56 1+.61+ 8.11+**
112 vs. 0,7,28,56 days 1 18.1+3 32.33**
56 vs. 0,7,28 days 1 0.09 0.16
28 vs. 0,7 days 1 0.02 0.01+
7 vs. 0 day 1 0.01 0.02





Analysis of Variance of Organoleptic Results of
Irradiated Formulation III Stored Under Re­
frigeration at Different Periods.







Attribute 6 7-75 1.29 2.19
Storage period U 20.50 5-13 8.69**
112 vs. 0,7,28,56 days 1 20,37 3U.53**
56 vs. 0,7,28 days 1 0.11 0.19
28 vs. 0,7 days 1 0.02 0.03
7 vs. 0 day 1 0.01 0.02




Analysis of Variance of Organoleptic Results of 
Irradiated Formulation IV Stored Under Re­
frigeration at Different Periods.






Total 3b H6.67 «
Attribute 6 10.95 1.83 3.21*
Storage period 1+ 21.97 5-b9 9.63**
112 vs. 0,7,28,56 days 1 21.81+ 38.32**
56 vs. 0,7,28 days 1 0.03 ' 0.05
28 vs. 0,7 days 1 0.05 0.09
7 vs. 0 day 1 0.05 0.09





Analysis of Variance of Organoleptic Results of 
the Formulations Preserved by Refrigeration 









Tot al 27 7.7H
Attribute •6 U.10 0.68 7.56**
Formulation 3 2.08 0.69 7.66**
(I) vs. (II),(III),(IV) 1 1.57 ■ 17.UU**
(II) vs. (Ill) , (iv) 1 0.28 3.11
(III) vs. IV) 1 0.23 2.55




Analysis of Variance of Organoletpic Results of
the Formulations Preserved.by Irradiation and
Stored Under Refrigeration for 56 Days.







Attribute 6 3.28 0.55 9.17**
Formuation 3 O.96 0.32 5-33*
(I) vs. (II),(III),(IV) 1 0.53 8.83**
(II) vs. (Ill), (IV) 1 0.19 3.17
(III) vs. (IV) 1 0.23 3.83





Analysis of Variance of Organoleptic Results of 
Formulation IV Preserved by Refrigeration and 
Irradiation at 56 Days of Storage.
Source of Degrees of Mean
variation freedom Siam of squares squares F value
Total 13 2.19
Attribute 6 2.13 0.36 U5.00**
Storage condition 1 0.01 0.01 1.25




Analysis of Variance on the Effects of Experimental
Diets on the Weight Gains of Rats.
Source of Degrees of Sum of Mean
variation freedom squares squares F value
Total 29 12 ,1+53.3T
Block . 4 308.87 77.21 0.45
Treatment 5 8,699-77 1,339-95 10.09**
(1) vs.(2),(3),(U),(5),(6) 1 8,497.61 49.34**
(6) vs. (2),(3),(4),(5) 1 123.21 0.71
(2 ) vs. (3),(10,(5) 1 62.02 0.36
(3) vs. (U),(5) 1 . 0.03 0.001
( 4) vs. (5) 1 16.90 0.09




Analysis of Variance on the Effects of the Experimental











Block U 0 0
Treatment 5 0.06 0.012 2b.00**
(1) vs.(2),(3),(U),(5),(6) 1 0.05>+ 5. b0*
(6) vs. (2),(3),(U),(5) 1 0.00k 0. b2
(2) vs. (3),(U),(5) 1 0.001 0.01
(3) vs. (>0,(5) 1 0.00001 0.001
(k) vs. (5) 1 o.oooU 0.036





Analysis of Variance on the Effects of the Experimental










Block 1+ o.oU 0.01 0.07
Tre atment 5 1.95 0.39 2.79*
(l) vs. (2),(3),(U),(5),(6) 1 1.89 • 13,50**
(6) vs. (2),(3),(U),(5) 1 0.05 0.32
(2) vs. (3),(U),(5) 1 0.00003 ’ 0.0002
(3) vs. (10,(5) 1 0.0006 0.00*+
(1+) vs. (5) 1 0.02 0.11+














Block 1+ 37.66 9.1+2 0.62
Experimental diet 5 133.81 26.76 1.75
Error 20 305.1+7 15.29
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Table XXVII
Analysis of Vai'iance on the Hemoglobin Contents of 










Block k 1.31 0.33 0.83
Experimental diet 5 21.07 U.21- 10.53**
(1) vs. (2),(3),(It),(5),(6) 1 11.32 28.30**
(6) vs. (2),(3),(U),(5) 1 0.77 1.93
(2) vs. (3),(U),(5) 1 7.78 19.1+5**
(3) vs. (>0,(5) 1 1.20 3.00
(>0 vs. (5) 1 0 0




Analysis of Variance on the Bed Blood Cell Counts .of 
Rats Fed the Experimental Diets.
Source of • Degrees of Mean
variation freedom Sum of squares squares F value
Total 29 17-52
Block h U.05 1.01 l.Qh
Experimental Diet 5 2.37 0.U7 O.85
Error 20 11.10 0.55 •
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TABLE XXIX
Analysis of Variance on Biological Value 
of Protein in the Experimental Diets,
Source of Degrees of Sum of Mean
variation freedom squares squares F value
Total 29 732.18
Block 4 117.67 29.42 1.31
Diet 5 165.37 33.07 1.48
Error 20 449.14 22.14
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